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(4) INTRODUCTION:

Multiple mutations and changing gene expression patterns occur during cancer
development, and a mutator phenotype has been proposed to be a prerequisites for
carcinogenesis (1). Both DNA repair and check point control can be understood as
mechanisms to safeguard the integrity of the genome, and the majority of tumor
suppressors discovered so far fall into these categories. In analogy to the importance of
DNA mismatch repair for the development of gastrointestinal tumors, especially HNPCC,
DNA recombinational repair dependent on human RADS52 epistasis group genes
including RADS51 and its homologs might play a role in preventing wide-spread genomic
instability leading to breast cancer. Evidence for the involvement of both BRCA1 and
BRCA2 in hRAD51-mediated repair processes is accumulating (2-4). We test this
hypothesis by examining the hRADS51 family members in human tumor samples and by
characterizing structural and functional interactions among hRADS51 homologs (hRAD51
proteome) and between these proteins and BRCA1/2, respectively.

(5) BODY

a) Analysis of hRADS]1 gene in tumor tissues. During
the first year of the funded period, we focused on the
examination of the hRADS51 gene in tumor tissues
(Aim I). We sequenced the hRADS51 coding region in
human tumors with high frequency of deletions (loss
of heterozygosity) at the hRADS51 genomic locus
(15q14-15). No changes were found suggesting that
hRADS1 is not a tumor suppressor because it is either
an essential gene, redundant gene and/or independent
of the BRCA1/BRCA2 tumor suppressor pathway
(see attached reprint: Cancer Res. 59, 4564, 1999).

b) Cloning and characterization of interactions
between hRADS1 and its homologs. Members of the

human RADS52 epistasis group like the hRADS1
homologs hRADS1B (also known as hRAD51L1 or
hRADS51-H2), hRAD51C, hRADSID (a.k.a.
hRADS51-H3), XRCC2 and XRCC3 in addition to

Figure 1. Summary of hRADS51

hRAD52 and hRADS54 were cloned into appropriate
expression vectors. This collection allowed us to
clearly identify static interactions between these six
human mitotic RecA homologs, hRAD52, hRAD54
and BRCA2 which suggest a higher order complex
(Aim IIIa; Figure 1). Interaction studies were done
using an in vitro GST-fusion.IVTT method as
described (5, 6). We found strong interactions
between hRAD51B and hRADS1C, hRAD51D and

-4-

Proteome. Arrows indicate substantial
GST-fusion interaction with IVTT
substrate. Two-way arrows indicate
reciprocal interactions; one-way
arrows indicate interaction detected
uni-directionally. Panel A and B:
Interactions and model using GST-
fusion/IVTT method; Panel C:
Interactions according to Thompson
and Schild (4).




XRCC2, hRDA51C and hRAD51D, while weaker interactions were found between
hRAD51 and XRCC3, hDRAD51 and hRAD51D, and hRAD51B and hRADS51D,
respectively. Based on two-hybrid studies, an interaction map has also been developed
for the mitotic RecA homologs (7). However, our interaction data appear to differ
significantly with these studies (Figure 1). For example, we find that hRRAD51D appears
to occupy a central position in the interaction with most other mitotic RecA homologs
(Figure 1B), while Thompson and Schild (7) suggest that hARAD51C plays a central role
in interacting with 3 of 6 mitotic RecA homologs (Figure 1C). These differences may be
the result of the different systems used. However, it is interesting to note that we have
confirmed reciprocal interactions for all of the mitotic RecA homolog GST-fusion/IVTT

associations.

To verify these interaction results, we overexpressed the hRADS1 derivatives and
produced specific antibodies, which will be very useful in co-immunoprecipitation
experiments.

(kba) M 1 2 3 4 5

¢) Purification and characterization of
XRCC2. Since all hRADS1 derivatives
(with the exception of hRADS51) appear to be
largely insoluble when expressed in bacteria, 45 —
we purified XRCC2 using a baculovirus
expression system (Aim III; Figure 2). 33—
Biochemical studies to characterize this
protein and its possible effects on hRADS1
function and purification of the remaining Figure 2. Purification of XRCC2. M:

homologs are currently in progress. molecular weight marker, lanes 1-5: cellular
lysate and relevant fractions obtained during
purification by affinity chromatography.

XRCC2

(6) KEY RESEARCH ACCOMPLISHMENTS:

* The coding region of the hRADS51 gene has been examined for mutations in
tumor tissues with high frequencies of 15q15 deletions, and the promoter region
has been tested for hypermethylation (Aim I). No changes have been found in
the tumors compared to normal tissues.

o All known human RAD51 homologs involved in mitotic recombination have
been cloned into appropriate vectors and overexpressed in bacteria (Aim II).
Polyclonal antibodies against these proteins have been generated and
characterized.

* Previously unknown chromosomal locations of RAD51 homologs have been
determined (Aim IIa).




* Promoter regions of hRAD51D and XRCC2 have been cloned (Aim IIb), and
further characterization of these sequences is in progress.

* All major interactions between hRADS51 and its homologs have been
determined (Figure 1; Aim IIIa).

* As a first ARAD51 homolog, XRCC2 has been purified to near homogeneity
using a baculovirus expression system (Figure 2, Aim IIIb), and we have begun
the process of characterizing the effect(s) of XRCC2 on hRADS51 adenosine
nucleotide-regulated activities which appear to be controlled by both the
ADP—ATP exchange and ATP—ADP+P, hydrolysis steps.

(7) REPORTABLE OUTCOMES:

« The results of the mutational analysis of the hRADS51 coding region have been
published in:

Schmutte, C., Tombline, G., Rhiem, K., Sadoff, M. M., Schmutzler, R., von
Deimling, A., and Fishel, R. (1999). Characterization of the Human Rad51
genomic locus and Mutational Analysis of Tumors with LOH at 15q14-15q15.1.
Cancer Res 59, 4564-4569.

e Preliminary results about XRCC2/hRADS51 interactions have been presented
at the DNA Repair and Mutagenesis Meeting of the American Society for
Microbiology (November 1-7, 1999 in Hilton Head, SC).

 Antibodies against all six known hRAD51 homologs involved in mitotic
recombination were generated and characterized.

(8) CONCLUSIONS

» No mutations or promoter methylation changes have been found in the
hRAD51 gene in tumors with high frequencies of 15q14-15 deletions. It appears
that hRADS1 is an essential protein for cellular proliferation, and other
homologs may be more likely to be targets for inactivation during
carcinogenesis (see also discussion of the accompanying reprint of Cancer Res.
59, 4564, 1999). It is interesting to note that mutations in primary cancers have
been found in hRAD54 and hRAD54B, other members of the hRADS?2 epistasis
group, although at very low frequencies (8-10).




* Multiple interactions exist between hRADS1 and its homologs (Figure 1), and
purification of these proteins is in progress in order to study the functional
relevance of these interactions.
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(10) APPENDICES

* Reprint of Schmutte et al., Characterization of the Human Rad51 genomic
locus and Mutational Analysis of Tumors with LOH at 15q14-15q15.1. Cancer
Res. 59, 4564-4569.
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Abstract

Human Rad51 (hRad5I) has been found to be associated with BRCA1,
BRCAZ2, and p53 either directly or indirectly and is one of at least eight
human genes that are members of the Escherichia coli RecA/Saccharomy-
ces cerevisize Rad51 family thought to affect genomic stability through
DNA recombination/repair processes. While inactivation of DNA mis-
match repair clearly leads to instability of repeated sequences and to an
increased risk for tumorigenesis, such a parallel for the RecA family
members has not been reported. Recently, a high frequency of loss of
heterozygosity at chromosome 15q14-15, near the genomic region con-
taining #Rad51, has been reported in human tumors (W. Wick ef al.,
Oncogene, 12: 973-978, 1996). To determine whether sRad51 inactivation
may be involved in the etiology of these tumors, we have characterized the
hRad51 genetic locus and mapped it to chromosome 15q14-15 within the
central region of loss of heterozygosity. However, single-strand conforma-
tional polymorphism analysis and direct sequencing of tumors did not
reveal any mutations in the hRad51 coding sequence or intron/exon
boundaries. We also examined the DNA methylation status of a CpG-rich
region in the putative hRad51 promoter region. No indication of hyper-
methylation was found. These results suggest that hRad51 is not a tumor
suppressor because it is either an essential gene, redundant gene and/or
independent of the BRCA1/BRCA2 tumor suppressor pathway(s).

Introduction

Genomic instability is a common denominator in the vast majority
of human cancers (1). The high number of genetic alterations found in
tumor cells has led to the suggestion that an increased mutation rate
(mutator phenotype), likely in combination with selection and clonal
expansion, provides the requisite for tumorigenesis (2, 3). While up to
30% of colorectal tumors display instability in the length of repeated
sequences (MSIL;* Ref. 4), more than 70% of colorectal tumors exhibit
gene amplifications and gross chromosomal changes that include
chromosome translocations and alteration in chromosome numbers
(aneuploidy; Ref. 5). Most MSI tumors harbor alteration(s) in the
DNA mismatch repair genes (hMSH2, hMLH1, hPMS2, and hMSHG6)

- that inactivate a pathway for repair of single-nucleotide and small

insertion/deletion loop-type mismatches. In addition to MSI, inacti-
vation of the mismatch repair machinery leads to an increase in
spontaneous mutation rates, as would be predicted for a mutator
phenotype (for recent reviews, see Refs. 6 and 7). A genetic basis for
the 70% of colorectal tumors that exhibit gene amplifications and
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gross chromosomal changes has been suggested in experiments that
demonstrate the persistence of the chromosomal aneuploidy pheno-
type (chromosomal instability) in colorectal cell lines (8). These
studies support an aneuploidy mutator phenotype that is induced by as
yet unidentified mechanisms.

Defects in recombination/repair pathways that process DNA dam-
age, such as double-strand breaks, have been proposed to contribute to
the observed genomic instability phenotype in some human cancers
(1). Xeroderma pigmentosum, ataxia telangiectasia, Bloom’s syn-
drome, Fanconi’s anemia, and Nijmegen breakage syndrome are he-
reditary disorders in which chromosome breaks are known to contrib-
ute to an overall susceptibility to cancer (9, 10). Moreover, both the
Bloom’s syndrome and Nijmegen breakage syndrome gene products
are related to bacterial or yeast homologues known to participate in
the repair of broken chromosomes (11, 12).

The hRAD31 protein has been suggested to play a role as a tumor
suppressor gene for several reasons: (a) hRADS1 is a member of the
RecA/RADS51 family of proteins, which have been implicated in DNA
recombination/repair processes (13); (b) the hRADS51 protein appears
to associate either directly or indirectly with p53 (14), BRCAL (15),
and BRCA2 (16), three other known tumor suppressors; (¢) RADS1
has been shown to function in Saccharomyces cerevisiae mutation
avoidance (17), and the frequency and spectrum of a rfa-I mutant (the
large subunit of the consensus cellular single-stranded binding pro-
tein) are enhanced by a rad5I null mutation (18); and (d) the distri-
bution of hRADS1 appears to be altered in response to DNA damage
as well as along paired meiotic chromosomes in spermatocytes de-
rived from ATM ™/~ mice (15, 19). Moreover, c-abl, an oncogene and
downstream effector in the ATM DNA damage response pathway (20,
21), has been shown to phosphorylate hRADS51 and alter its ability to
bind DNA in vitro (22). These results have led to the proposal that
hRADS1 dysfunction in somatic cells might also contribute to
genomic instability and cancer.

While both Escherichia coli RecA and the S. cerevisiae RADS1
proteins are not required for viability, mice containing a homozygous
disruption of the Rad51 gene display early embryonic lethality (23),
and attempts to generate null rad51 cell lines have failed (24). These
findings would appear to limit a possible role for ZRad51 as a tumor
suppressor gene. Interestingly, mammalian cells contain at least eight
additional RADS51 homologues that may provide some redundancy in
function or functional interaction. For example, it has been shown that
XRCC3, one of these RADS1 homologues, interacts with hRADSI,
and XRCC3 mutant cells display radiation sensitivity and increased
chromosome aberrations (25, 26).

Here, we have characterized the hRad51 genomic locus by defining
the intron/exon boundaries and genetically mapping it relative to
markers used previously in LOH studies of human tumors. We found
that hRad51 was located in the center of a region at chromosome
15q14-15, which is frequently deleted in breast tumors and metastatic
brain tumors (27). We examined a cohort of these tumors that displays
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hRAD51 GENE

Table 1 Primers used for mutational analysis

Exon 2
CAAGCCCCTTATTTCTCTAGT R37; 5
CCTTCCACTAGGTAGAAGAA R38; 3’
Exon 3
GGACACATAACATCTGTGTTAG R39; 5
TGTACTATTCCCACTAATGCCT R40; 3’
Exon 4
TCAAGATCACTGTGGTAAGGA R41; 5
GCTTTCCTAACTAGAGTTCAC R42; 3’
Exon 5
CCAAGAACATTTCTATGACTACAG R43; 5
CAGGAATGAAGTAATGCTTGC R44; 3’
Exon 6
CTTGGTCAGCTGTATCAGAAAT R45; 5’
GATAAGTGTAGCCATAGTCTCT R45; 3
Exon 7
AGTTCTGTGTGCAGCCTAAA R47; 5’
GGGAAGGACTCTTAAGAACAT R48; 3’
Exon 8
ACAGGCTAGAAATAGGCTTCA R49; 5
CTGAAAGTAGGCATTCTCTGT R50; 3
Exon 9
GTCTATGGCCACAAAATTGACA R51; 5
TCCGAAAAGAAGAACTGATCC R52; 3
Exon 10
CARAGTCAGGAACGGAATTGT R53; 5
GCACTTAAGGTTTTTAACAGAGG RS54; 3'

LOH at 15q14-15 for hRad51 mutations and promoter methylation.
While we found no alterations of the hRADS5I locus in the DNA
derived from any of these human tumors, this study provides the tools
necessary to further understand the regulation of ARADS1 expression
and to study its potential role in tumorigenesis.

Materials and Methods

Determination of #Rad51 Genomic Structure. Oligonucleotide primers
specific for hRad51 (R11, 5'-AGTGCTGCAGCCTAATGAGAGT-3’; and
R12, 5'-TGTGACTACTGACCTGTCTCCT-3") were used to screen a human
BAC library (Version IV; Research Genetics, Huntsville, AL) by PCR. DNA
from positive clones was isolated using the Qiagen (Chatsworth, CA) DNA
purification kit. The DNA was sequenced on an Applied Biosystems auto-
mated sequencer, and intron-exon boundaries were determined by comparison
with the cloned ¢cDNA sequence as well as consensus splice site junctions.
Intron sizes were confirmed by PCR followed by agarose gel electrophoresis.
An additional 1.5 kb of 5’-untranslated sequence were sequenced and analyzed
for potential transcription factor binding sites as well as the percentage of
G+C bp and CpG sites.

Radiation Hybrid Analysis. The location of #Rad51 was determined
using primers R11 and R12 to screen the Genebridge-4 radiation hybrid panel
(Version RH02.02; Research Genetics; Huntsville, AL). PCR products were
visualized by agarose gel electrophoresis, and data were submitted to the
Whitehead Institute/MIT Center for Genome Research for interpretation. Us-
ing the same method, we determined the genomic position of marker
GAAAICI1 (also known as D1551232) using forward primer R33 (5'-CCA-
GAGAGATCTTTCCCCAT-3') and reverse primer R34 (5'-TTGCTCCACT-
GTTTTCTCAG-3'), and we determined the genomic position of marker
D15S641 using forward primer R31 (5'-AACAAAGGGAGACCCTCATC-3)
and reverse primer R32 (5'-GACACCCCAGTAGCAATGAG-3'). Informa-
tion on the original characterization of these markers was obtained from the
Cooperative Human Linkage Center.®

Tumor Samples. Native tumor specimens and corresponding normal blood
were obtained from patients treated at the University Hospital-Bonn between
1990 and 1998 during surgery or at autopsy. Tissues were collected without
bias for age, sex, or ethnic background. All tumors were classified according
to the WHO guidelines. The tumor specimens were examined microscopically
before phenol DNA extraction to exclude contamination by nontumorous
tissue. DNA was isolated as described previously (27). Twenty brain metas-
tases of tumors from various tissue origins and their normal counterparts were

5 Address: http://www.chlc.org.

analyzed for mutations in the coding region of the ARad51 gene. All tumors
examined displayed LOH at 15q14-15 (Ref. 27; Table 2). A second set of 41
breast carcinomas (21 of which displayed LOH at 15q14~15) was examined
for hRad51 mitations (Table 2).

Single-Strand Conformational Polymorphism/Mutation Analysis. De-
tails of the primer sets used to amplify the hRad51 exons are shown in Table
1. Approximately 20 ng of genomic DNA were used as template in 20-ul
reactions that contained 1.0 unit of AmpliTaq Gold (Perkin-Elmer); 200 um
each of dATP, dGTP, and dTTP; 40 uM dCTP; and 1.0 uCi of [o-32P]dCTP.
Cycles were as follows: 95°C for 12 min, followed by 30 cycles of 94°C for
30 s; 55.5°C for 30 s; 72°C for 45 s; followed by 5 min at 72°C. The reactions
were heated at 94°C for 5 min and placed immediately on ice until loading.
Samples were run at room temperature on 0.5X MDE gels (FMC BioProd-
ucts). Exons to be sequenced were amplified in a similar fashion, except that
200 pM dCTP was used. The PCR products were then isolated using agarose
gel electrophoresis and the Qiagen Gel Extraction kit, and approximately 5 ng
of PCR products were sequenced with an Applied Biosystems Automated
Sequencer.

Methylation Analysis. Methylation of the predicted CpG island of the
hRad51 promoter was performed using the bisulfite method as originally
described by Clark et al. (28). In brief, approximately 50 ng of DNA were
digested with Apal and then incubated with 2.5 M sodium metabisulfite
(Amresco) and 100 mm hydroquinone (Sigma) at pH 5.0 in a total volume of
240 ml at 55°C for 16 h. Subsequently, the DNA was desalted, treated with 0.3
M NaOH at 37°C for 15 min, and precipitated. Primers were designed such that
they flanked the region of highest CpG density as well as several Spl sites
within the putative hRad5] promoter upstream of exon 1 (see Fig. 3, B,
5'-TGAGGGATTGGGGTAGGAGTA-3’, 5'-CCAACCTTCTACACACAAC-
CCAA-3', 5'-GTAAAAAGGGAAGAGGGTAGTTTG-3’, 5’-ACAACCC-
AAATAAATTACAATTCCCAACT-3"). PCR products (274 bp) were synthe-
sized by a nested PCR approach and sequenced directly. DNA treated with
M.Ssss], which methylates CpG sites, were used as a positive control. There did
not appear to be any differences in the amplification of methylated versus
unmethylated substrate DNA. We estimate that 20% of methylated CpGs in the
substrate DNA at most sites could be detected.

Results

Radiation Hybrid Mapping of the AZRAD5I Gene. The hRADS51
gene was mapped previously by fluorescence in situ hybridization to
chromosome 15q15.1 (29). This genomic locus is adjacent to a region
(15q14) that has been reported to be frequently lost in brain metas-
tases of various tumors (27). To test whether ARad51 is involved in
the development of these tumors, we first established the genomic
location of the hRad5] gene and many of the markers used in the
tumor study relative to markers contained in a radiation hybrid panel
(27). Radiation hybrid mapping revealed that ARad51 is located be-
tween the most commonly deleted markers in these tumors, 26.7 cR
telomeric from marker GAAAIC11 and 20 cR centromeric from
marker D158641 at 15q14-15 (Fig. 1). We also determined the
location of nine polymorphic markers used to define the region of
LOH on chromosome 15q14-15 in 21 metastatic brain tumors and 21
primary breast carcinomas. These data also indicate that the ARad5!
genomic locus is slightly more centromeric than reported previously
but is clearly within the common region of LOH in both the brain and
breast tumors.

Structure of the ZRad51 Genomic Locus. We determined the
genomic structure of the #Rad5] gene to screen tumors for possible
hRad51 mutations. A BAC clone (21B18) containing the #Rad51 gene
was identified by PCR screening of a human BAC DNA library
(Research Genetics) using primers specific for #Rad51. DNA from
clone 21B18 was isolated and sequenced. Intron sizes were deter-
mined by long-range PCR (Bochringer Mannheim). PCR products
could not be obtained for introns 5 and 6, suggesting intron sizes of
>10 kb. The hRad51 gene consists of 10 exons and spans at least 30
kb (Fig. 24). All exon-intron boundaries follow the GT-AC rule. The
translation start codon is located in exon 2 (Fig. 2B, underlined), and
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Fig. 1. Radiation hybrid analysis. The hRADS5I 211 D15S214
genomic locus, CYP19, and several additional microsat-
ellite markers were mapped to chromosome 15q14-15 213

using the radiation hybrid method (see “Materials and
Methods” for details). Markers used in LOH studies are
underlined.

the average size of the coding exons is 112 bp. Further sequencing of
the region 5' of the first exon revealed that noncoding exon 1 con-
tained a CpG island that was approximately 990 bp in size (Fig. 3).
This putative promoter region contains several Sp1 recognition sites
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but lacks a TATA box. Further characterization of that region is in
progress and will be published elsewhere. Sequences were submitted
to GenBank (GenBank accession numbers AF165088, AF165089,
AF165090, AF165091, AF165092, AF165093, and AF165094).

A.
kb 3.3*% 18* 50 21 >10 >10 038 02* 14
exon -
bp 230 89 138 118 92 95 114 130 122 538
B. EXON 1
TTGGC TCT CGCTGRC (1-230)ag-GIGAGTGT CGCAGGCTEGGCCCTCE
EXON 2
Fig. 2. hRadS] genomic structure. A human BAC CTTATACTGATAAGCATTTGTATTTTTCAG-ta (231-319) ag-GTATGTGGTTAGTTGCTAATTTTGGAATTA
clone containing the hRad51 gene was identified by EXON 3
screening a BAC library (Research Genetics). Exon-
intron borders were determined by direct sequencing of ARATTTATCCATGGTTTTCTTCATTTGCAG-ca(320-457 )tg- TGCTTACTTAACG CA
the BAC DNA. A, hRad51 consists of 10 exons (dark
gray box, coding exons; light gray box, noncoding ex- EXON 4
ons) and covers ~30 kb (¥, introns sequenced complete- TGPTGATTTAATATTTCTTATTTTTCCCAG-gC ( 458-575) ag-GTGTAGTAATCCTTTATCCTGTGTTGTGAAC
ly). B, exon-intron borders follow the GT-AG rule.
Capital l.etrer.s, intronic sequences. Numbers in paren- EXON 5
theses, size (in bp) of the published cDNA sequence 576-667 AATCARATA
(GenBank accession number D14134). GCTA TATTTEE TITTTAG-gt(576-667)ag~ TATAGCTAATCARN
EXON 6
CATTTCTACTGTTGTTTTTGTTCTC G-ct(668-762)ag T CTAT
EXON 7
AGCCTAAAAATGTTCTCTCCTCTCTCATAG-gt (763-876)ag TGT AGACACCAAATATGTT
EXON 8
TAGGCTTCAGAGAATCCTTGTTTCCTGTAG-gt (877-1006) ag-GTA cr
EXON 9

CARAATTGACATTTATCCTTTCCCCATCAG-tt (1007-1128) ag-GTAAGGTGTTGATGGGATCAGTTCTTCTTTT

EXON 10

TTGETGCTTTGGTIC! T AG-at (1029-2229 ) £g-AATGT
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Fig. 3. Analysis of the CpG island in the 5’ region of the #Rad51 gene. The 5’ region of the #Rad51 gene was sequenced and analyzed using the GCG Software Package (GCG,
Madison, WI). The translation start site (ATG) was used as 0. According to the rules established by Gardiner-Garden and Frommer (43), a region of 989 bp can be considered a CpG
island (M), which covers exon 1 ((J) and extends into intron 1. The region marked by the B was examined for changes in DNA methylation.

Mutation Analysis of hRAD51 in Human Tumors. All coding
exons from 21 metastatic brain tumors and 42 breast carcinomas
(including 21 that clearly displayed LOH at chromosome 15q14-15)
were analyzed by the single-strand conformational polymorphism
method using the primer pairs listed in Table 1. In addition, complete
coding exons of 10 brain metastases were sequenced. No alterations in
the coding sequence of ARADS51 were detected (data not shown).
These results suggest that nucleotide mutations of hRADS5] that might
lead to altered function of the hRADS51 protein were unlikely to be
present in the cohorts of tumors that displayed LOH surrounding the
hRADS] genetic locus.

Promoter Methylation Analysis in Human Tumors. We de-
tected a large CpG island imbedded within the putative hRad5]
promoter region. CpG methylation may reduce or abolish expression
of the ARad51 gene, as has been shown for several tumor suppressor
genes and repair genes including AMLHI (30) and the OS-methylgua-
nine methyltransferase gene (31). To rule out the possibility of both
normal allele contamination and biallelic tumors, we examined pro-
moter methylation in a region including the highest CpG density and
several Spl binding sites in samples that clearly displayed LOH
covering the hRad51 genomic locus (Table 2; see dot samples). We
found no evidence of promoter methylation in any of these samples in
the region examined (data not shown), suggesting that ARad5] ex-
pression is not impaired in tumors that display LOH at chromosome
15q14-15. These experiments must be tempered by the results of the

bisulfite methylation detection method (28), in which there appeared
to be a somewhat higher background between nucleotide —3693 and
—3717).

Discussion

In this study we have: (a) characterized the structure of the hRad51
genomic locus, which provided the tools necessary to specifically
amplify ARad51 coding regions from genomic DNA; and (b) tested
the possibility that ARad51 could function as a tumor suppressor gene
in metastatic brain tumors and breast carcinomas that show high
frequencies of LOH at chromosome 15q14-15.

Sequencing of the hRad51 genomic locus revealed 10 exons, and a
large (approximately 1 kb) CpG island covers the putative promoter
region, which also includes the first (noncoding) exon. This CpG
island appears TATA-less and is similar to typical housekeeping
promoters (32). The presence of several putative Sp1 promoter bind-
ing sites is consistent with the observed cell cycle-dependent expres-
sion of hRad51 (33). Previous reports have shown that both protein
and mRNA levels rise at the G,-S-phase boundary and remain ele-
vated through the G,-M phase (34). This G,-S-phase pattern of
expression is similar to that of yeast Rad51 (35), possibly reflecting an
S-phase-specific role other than recombination for RAD51 (36). Per-
haps the most interesting difference between mammalian RAD51 and
its yeast and bacterial family members is that its expression is not
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Table 2 Human tumor analysis

SET19 b
ID tumor

D155165 D155231 D1551232

Microsatellite Marker®

CYP19 D155643

18 glioblastoma )
524 malignant peripheral nerve shealth tumor
534 astrocytoma
644 bronchial carcinoma metastasis
662 bronchial carcinoma metastasis
682 mamma carcinoma metastasis
722 lung carcinoma metastasis
730 oligodendroma
732 lung carcinoma metastasis
764 glioblastoma
954 bronchial carcinoma metastasis

2006 bronchial carcinoma metastasis
2124 lung adenocarcinoma metastasis
2194 rectal carcinoma metastasis
2240 gliosarcoma
2268 gliosarcoma

- 2378 neurinoma
2410 plexus papilioma
2468 medullablastoma
3786 oligoastrocytoma
3878 oligoastrocytoma

* o o s

7 D15S144 D155118

SET22 b Microsatellite Marker®
THBS1Y  D155214 D15S161

m—"

“h ni
ni ni

352 o ni EoF
422 o h ni
h

1072
1102 n
1112 o
122 o
1162
1312
1314
1382

h ni
ni ni

D155123 D155126 D155143 CYP19
ni it h h ~h
ni h ni h

4 Set 1, metastatic brain tumors; Set 2, primary breast tumors.

b Bisulfite methylation analysis of the region of the hRad5] promoter described in Fig. 3.

€ h, beterozygous; ni, not informative.
9 The exact position of THBS1 relative to hRad51 has not been determined.

induced by DNA-damaging agents (37). Both the E. coli RecA and
yeast RAD51 proteins are induced over 1000-fold during the SOS and
RAD9 damage responses, respectively (38). While the mammalian
p53 damage checkpoint/response has been compared to these path-
ways, we did not find p53 consensus transcription-activation sites in
the #Rad51 promoter. Furthermore, recent reports suggest a p53/p21-
dependent decrease in ARad5] mRNA in response to ionizing irradi-
ation (39). This distinction may classify hRad51 more closely to genes
such as PCNA, whose mRNA levels increase at the G,-S-phase
boundary but are down-regulated by p33 (40).

While hRAD51 mRNA levels are reduced in response to irradia-
tion, proteins levels appear to persist (37), and hRADS51 becomes part
of distinct nuclear foci (41). Other distinct nuclear foci of hRADS51
have been identified during S phase (36) and in B cells induced to
undergo class switching (42). Thus, hRad51 appears to be regulated in
at least two ways: (a) transcriptionally, by genes that confer a prolif-
erative potential, as well as by checkpoint signaling pathways that
regulate DNA damage responses; and (b) at the protein level, where

interactions with other molecules leads to distinct cellular localization
in BRAD51 nuclear foci. It is possible that hRADS51 regulation may
occur at the transcriptional level in a cell type-, cell cycle-, or damage
response-coordinated manner. Additional studies will be required to
determine the context of the hRad51 promoter and understand its
regulation at the molecular level.

We have determined the chromosomal location of hRad51 relative
to markers used in LOH analysis of human tumors (27). hRad51 was
found to be slightly more centromeric than reported previously (15q14
bordering 15q15) and central to a commonly deleted region in brain
metastases from several tumor types and breast carcinomas. However,
we did not uncover any mutations in the ARad51 coding region in a
cohort of 42 tumors that displayed LOH in the chromosome
15q14-15 region. In addition, we found no indication that expression
of hRad51 might be down-regulated by hypermethylation of the CpG
island in the putative promoter region. It is therefore likely that
hRad51 is not the candidate tumor suppressor gene in these tumors.
These results support the notion that hRADS51 may be an essential
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gene, a redundant gene, or is dispensable and/or independent of the
BRCA1/BRCA?2 tumor suppressor pathway(s).
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